Introduction: There is no international consensus on the orientation of transvaginal
| INTRODUC TI ON
Transvaginal ultrasound is an integral part of the gynecological examination but the quality of performance is highly operatordependent. 1 The learning curves are long and extensive training is needed to attain competency, which makes transvaginal ultrasound training resource-intensive. 2 Transvaginal ultrasound can be trained and performed differently with respect to the orientation of the ultrasound image. The image may be oriented top-down (TD) (transducer at the top) ( Figure 1 ) or bottom-up (BU) (transducer at the bottom) ( Figure 2 ). Currently, there is no international consensus on image orientation and no evidence that supports the superiority of one orientation over the other in terms of learning curves and learning outcomes, such as skills transfer.
Both image orientations are used in clinical practice 3 and the image orientation is a frequent topic of debate. 4, 5 There are several good reasons to determine whether one orientation should be recommended. First, research suggests that image orientation may affect performance if the image is perceived to be closely anatomically aligned. 6 Hence, novice ultrasound operators may have a preference for one image orientation over the other, and this may affect the speed with which they become competent ultrasound operators. Secondly, novices are often supervised by several senior clinicians with different preferences for image orientation, which may result in conflicting instructions and guidance. Thirdly, from a patient perspective, it is important to identify the most efficient training methods which can shorten trainees' learning curves, as transvaginal ultrasound can be associated with discomfort when performed by novices. 7 Finally, from a health economics point of view, the need to identify efficient methods for teaching transvaginal ultrasound is important to ensure sustainable high-value, low-cost education. 8 Hence, the aim of the study was to compare transvaginal ultrasound learning curves and skills transfer in a group of novices randomized to TD or BU image orientation, and to determine whether individual preferences for image orientation affect learning and subsequent skills transfer.
| MATERIAL AND ME THODS
This randomized trial was conducted between 1 August 2016 and 1
February 2017 in accordance with the CONSORT statement. 9 The study was carried out in the skills lab of Copenhagen Academy for Medical
Education and Simulation (CAMES), Rigshospitalet, Copenhagen, Denmark. A flowchart of the study design is shown in Figure 3 .
Medical students in years 3-6 at the University of Copenhagen, Denmark, were recruited through the University newspaper and the Facebook page of the simulation center. The participants contacted the primary investigator by e-mail to be included in the study. The inclusion principle was based on first-come, first-serve and participants were recruited consecutively until the required number had completed the simulator training and transfer test. The only exclusion criterion was prior ultrasound experience. Participants were randomized to one of two training conditions: TD: orientation of the transvaginal ultrasound image TD; BU: orientation of the transvaginal ultrasound image BU. Randomization was conducted using random permuted blocks with a block size of four on an online randomizer (www.random.org/) in a 1:1 ratio using simple
Key message
Image orientation during transvaginal ultrasound examinations may have implications for the speed of skills acquisition but has limited effect on transfer of learning. 
| Interventions
All participants were surveyed regarding their a priori preferences for image orientation prior to the training (Appendix S1).
Participants were given a 30-minute introduction to the sim- The study was based on the principle of mastery learning, which for the purposes of this study entails training the same practice modules until reaching a predefined expert performance level.
The expert performance level and the validity of simulator metrics used in this study were established in a previous validation study. 10 Participants in the TD and BU groups were instructed to orient the ultrasound images TD and BU, respectively, throughout training and assessment.
F I G U R E 3 Flowchart of the study
One week after completing the simulation-based training, the participants completed a transfer test on a low-fidelity sim- and is used to rate many different technical procedures. [13] [14] [15] Prior to the transfer test evaluation, the two raters completed pilot ratings of six videos that were part of a previous dataset to develop a shared understanding of the use of the GRS and OSAUS scales.
| Outcomes
The primary outcome was to compare performances in transvaginal ultrasound during the transfer test measured by the OSAUS scale. the two groups to reach an expert level. Finally, the participants were surveyed on their a priori preferences for image orientation before training, and the impact of preferred image orientation on learning and transfer was evaluated.
| Sample size calculation
Previous studies addressing differences in image orientation have suggested an impact on learning with moderate to large effect sizes (Cohen's d between 0.67 and 2.1). 6 We defined a meaningful variance as a difference in OSAUS scores corresponding to an effect size greater than 0.8. With an alpha level of 0.05, 50 participants were needed to achieve a power of 0.80.
| Statistical analyses
Means of the two raters' scores were calculated for the OSAUS and GRS scores. All OSAUS scores and GRS were calculated as percentages of maximum scores. Independent samples t tests were used to compare groups based on OSAUS and GRS. The number of attempts and the total training time needed to obtain expert level were analyzed with a non-parametric Mann-Whitney U test, since Levene's test for variance was significant for both parameters, and 25th and 75th percentiles in the two groups were calculated. Participants' time to attain expert levels of performance is shown as a Kaplan-Meier graph (Figure 4 ). Spearman's rank correlation coefficients were calculated for training time and performance scores (OSAUS scores and GRS).
Scores for participants who had been randomized to train with the preferred image orientation, were compared with scores for participants who had been randomized to their non-preferred image orientation. To assess the impact of being allocated to train with the preferred image orientation, we applied a general linear model with training allocation as fixed factor and preference as covariate. Two models were fitted -one for GRS and one for OSAUS scores. Finally, interrater reliability was calculated using the intraclass correlation coefficient [ICC(3,k)] based on a consistency, two-way mixed-effects model.
| Ethical approval
Ethical approval was obtained from the Regional Ethical Committee of the Capital Region, Denmark, by an exemption letter (protocol no.
16023086). The study was reported to clinicaltrials.gov prior to the inclusion of participants (identification no. NCT02757599). 
| RE SULTS

| Primary outcome
There were no differences in the primary outcome (OSAUS scores) between groups [TD mean 56.7% vs BU mean 53.2%, t(57) = 1.53, P = 0.13, 95% confidence interval (CI) −1.1 to 8.2].
| Secondary outcomes
The GRS for the transfer test were higher in the TD group than in the BU group (57.1% vs 50%, t(57) = 2.35, P = 0.02, 95% CI 1.05-13.1, effect size 0.61). The BU group had a steeper learning curve, which is reflected by reaching the expert level with significantly fewer attempts than the TD group (median ± interquartile range: 4 ± 2 vs 5 ± 3) (U = 285.5, P = 0.014). The learning curves are illustrated in The participants' preferred image orientations are listed in Table 2 . As Levene's test for equality of variances was significant for both "time spent to obtain expert level" (F = 9.17, P = 0.004) and "number of attempts" (F = 6.9, P = 0.011), the Mann-Whitney U test was used for analyses. Allocation to the preferred image orientation had no effect on training time needed to attain an expert level (F 
| D ISCUSS I ON
This study demonstrated that bottom-up (BU) image orientation during training led to steeper learning curves with fewer attempts and less time needed to reach expert levels of performance. There was no difference in the primary outcome (OSAUS scores) in terms Differences between groups according to training rounds and time were significant, P = 0.014 and P = 0.029 (Mann-Whitney U test). Differences in performance scores were not all significant: OSAUS, P = 0.13;
of how well participants transferred their skills to a new case with real ultrasound equipment. Small differences were found in the GRS between the two groups, with slightly higher scores for the topdown (TD) group. However, these differences fall below what we defined as educationally or clinically relevant. Hence, there was no convincing evidence that image orientation has any meaningful effect on skills transfer. Finally, participants' learning was unaffected by whether or not they were assigned to their preferred image orientation during training.
Strengths of the study include the randomized design and the fact that we obtained the intended study sample size, as well as the use of instruments with established validity evidence during simulation-based training and the use of a transfer test to evaluate how well participants were able to apply the skills learned to a new case and setting. The absence of studies, and any internationally accepted practice standards, relating to how image orientation affects performance seems to be in sharp contrast with the key role that transvaginal ultrasound has come to play over the past decades in the diagnosis of gynecological diseases. To our knowledge, our study is the first to systematically evaluate the impact of image orientation on learning and performance.
The main limitation of our study is that we only included one case during the transfer test and that we did not evaluate how image orientation affected subsequent learning during trainees' clinical training. We found a moderate interrater reliability, which is consistent with previous results from studies that have used the OSAUS scale for assessment of single cases. 2, 16 Only five of the seven OSAUS items were included in our rating system. However, the first (indication for the examination) and last item (medical decision-making)
of the OSAUS scale were not applicable in our controlled design and were therefore omitted in accordance with previous recommendations. 11 Finally, the study was powered to detect differences in the primary outcome and not in secondary analyses, which must be considered when interpreting the results. The focus of this study was the impact of image rotation on learning and transfer when performing gynecological ultrasound examinations. During an ultrasound scan, the operator is thought to transform the two-dimensional ultrasound image into a three-dimensional representation of the structure being examined. 19 Consequently, the ability to perform a high-quality ultrasound scan requires spatial perception skills for effective image rotation. 20 Several studies have shown a correlation between high spatial intelligence and the ability to attain practical skills, such as laparoscopy and other endoscopic procedures.
21
In our study, the speed with which participants achieved expert levels of performance could be influenced by how they were in- 
| CON CLUS ION
As compared with top-down image orientation, bottom-up orientation led to fewer attempts and more rapid attainment of an expert level, but little or no impact was found on the subsequent transfer of skills. Personal preferences for image orientation did not appear to impact learning or skills transfer.
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